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1,2 While traditional drug discovery efforts have been tackling these diseases by aiming at individual targets, recent studies in humans have suggested the possibility that the collection of the metabolic degenerative processes can be approached as a whole by controlling diet, especially calorie restriction. Studies of calorie restriction in a broad range of animals including primates, mice, worms, and yeast have suggested that a reduction in calorie intake lengthens lifespan and protects against cancer and other age-related diseases. [3] [4] [5] There has therefore been much interest in developing pharmacological agents that mimic the effects of calorie restriction. Resveratrol, a natural product derived from grapes, is the first reported mimetic of calorie restriction. 6 Ever since the mode of action of resveratrol was elucidated to activate SIRT1 [sirtuin (silent mating type information regulation 2 homolog) 1] which, in turn, deacetylates p53 and promotes cell survival in a NAD + -dependent manner, 6 numerous efforts have been devoted to discover novel activators of SIRT1. Through high throughput screening of a large selection of small molecules, Milne et al. identified three imidazothiazole derivatives as potent SIRT1 activators, which are structurally unrelated to but 1,000-fold more active than resveratrol. 7 Recently, in order to improve the potency as well as the solubility of the imidazothiazole derivatives, two different libraries of analogues, imidazo [1,2-b] thiazole 8 and oxazolo [4,5-b] pyridine, 9 were constructed and extensively investigated. The aim of the present study is to derive a predictive method for designing novel potent SIRT1 activators through construction of 3D QSAR models.
For this purpose, from the literature, 8, 9 SIRT1 activation data of 33 imidazothiazole and oxazolopyridine derivatives were obtained (Fig. 1) . At first, the 33 compounds were divided into two groups: 27 compounds as a training set and the other 6 compounds as a test set. The CoMFA 10, 11 (comparative molecular force analysis) and CoMSIA 12, 13 (comparative molecular similarity indices analysis) methods were employed for deriving 3D-QSAR models consisting for a training set of 27 imidazothiazole and oxazolopyridine derivatives, keeping in vitro activity as a dependent variable. The 3D-QSAR models were then validated using a test set of 6 compounds, which were not included in the development of the models. Finally, the contour plots of the 3D-QSAR model were analyzed to a These two authors contributed equally to this work provide helpful information on how to improve the potency of imidazothiazole as well as oxazolopyridine derivatives by structural modifications.
Tripos standard CoMFA field was used for construction of a CoMFA model, whereas a CoMSIA model was built by using combinations of steric, electrostatic, hydrogen bond donor, hydrogen bond acceptor, and hydrophobic fields as descriptors. The reported EC 1.5 values (concentration of a compound required to increase the enzyme activity by 50%) of the training set as well as test set molecules 8, 9 were converted into logEC1.5 to describe the potency. CoMFA and CoMSIA were set at standard values (with default grid spacing of 2.0 Å), with a sp 3 carbon atom with one positive charge used to probe steric and electrostatic fields. The standard cutoff value was set to 30 kcal/mol. As usual, PLS (partial least squares) method was used to establish and validate 3D-QSAR, and LOO (leave-one-out) cross-validation method was used to evaluate the initial model. The cross-validated coefficient q 2 was calculated, the optimum number of components was then given, and the 3D model was finally derived corresponding to the optimum number. The column filtering box was kept unchecked during all operations, and the results obtained from the PLS analysis are summarized in Table 1 .
A 3D-QSAR model is considered statistically significant if its q 2 -value is larger than 0.3, 14 although a q 2 -value larger than 0.4 to 0.5 is naturally preferable. The CoMFA model q 2 = 0.486, N = 5) is consequently statistically significant, but the most stable and statistically significant 3D-QSAR model was provided by CoMSIA method using steric as well as electrostatic field as descriptor variables (CoMSIAse) (q 2 = 0.626, N = 5, Table 1 ). The CoMSIAse field provided better model than the corresponding CoMFA fields presumably because the CoMSIA field was less affected by changes in molecular alignments particularly in this case which have diverse compounds with high conformational flexibilities. 15 Other CoMSIA fields (hydrogen bond donor, acceptor, and hydrophobicity) either alone or in combination with CoMSIAse provided QSAR models with low statistical significance, which demonstrates that CoMSIAse are sufficient and necessary to describe the activation of SIRT-1 by imidazothiazole and oxazolopyridine derivatives. The PLS analysis obtained above was used for the final non-cross-validated run, giving good correlation coefficients (r 2 value of 0.982 for CoMSIAse) ( Table 1 ). The corresponding field distributions of the steric and electrostatic field descriptor variables were 33.5 and 66.5%, respectively, which indicates that electrostatic rather than steric field contributes Table 2 , and the plot of actual versus predicted logEC1.5 values is shown in Fig. 2 .
The ultimate test for the usefulness of a 3D-QSAR model is predicting the activity of new compounds that are not included in the dataset used to obtain the model. To validate the stability and predictive ability of our 3D-QSAR model, 6 compounds (2, 15, 20, 26, 27, 33, Table 2 ) that were not included in the construction of CoMSIA model are selected as the test set. The binding affinities of the test set molecules were predicted reasonably well (residuals from -0.28 to 0.28) and the results are also summarized in Table 2 and Fig. 2 .
Graphical representations of CoMSIAse steric and electrostatic field contour plots obtained by the field type "stDev*coeff " are displayed in Fig. 3 . The contour maps were superimposed on 4 of which structure is representative of all other compounds used in this study. The green and blue regions in Fig. 3 (a) and 3(b) indicate areas where steric bulk and electronegative groups enhance biological activity, respectively. On the other hand, the yellow and red contours indicate regions where steric bulk and electronegative groups are detrimental to biological activity. Imidazothiazoles and oxazopyridines, investigated in this study, have the central amide bond in common on both ends of which are linked to various aryl groups (enclosed by circle and rectangle in Fig. 3) . The contour plot clearly shows that, among the two aryl groups, the one attached to the carbonyl carbon (C=O, enclosed by circle in Fig. 3 ) has limited scope of structural variation: the yellow steric contour confines the aryl group in a narrow region and the red and blue electrostatic Notes contours located side by side around the aryl ring allows only specific combinations of the aryl substituents. The aryl group on the other side of the amide linkage (attached to amide -NH and enclosed by rectangle in Fig. 3 ) is also sterically confined on one face of the aromatic ring but the other face near to the green steric contour is open for substitution with bulky substituents (Fig. 3a) . It is of interest to note that no electrostatic contour can be found around this aryl group (Fig. 3b) . Taken together, the contour plots illustrate that SIRT1 activation of the imidazothiazole and oxazopyridine derivatives is under elaborate control by substituents on the aryl rings attached to both ends of the central amide linkage: The unfavorable steric as well as electrostatic contours around the aryl group attached to the amide carbonyl carbon significantly limit structural variation whereas various substituents can be introduced to the aryl group at the other side of the amide bond (amide -NH group), particularly around the green contours. In summary, in order to derive a predictive method for designing and predicting the activities of novel SIRT-1 activators, a 3D-QSAR model was constructed by using 27 known SIRT-1 activators. On the basis of common structural motifs (C-NH-CO-C) among the SIRT-1 activators, a stable and predictive 3D-QSAR model with acceptable q 2 -value was developed by using CoMSIA method with descriptors of steric and electrostatic field. The predictive ability of this model was successfully validated by predicting the activity of 6 test set compounds exclusive to the training set, which indicates that the application of the CoMSIAse model for quantitative prediction of novel small molecule activators of SIRT-1 would be feasible. The 3D contour plot of the model also shows that, to improve SIRT-1 activation by imidazothiazole and oxazopyridine derivatives, extensive structural variation is anticipated on the aryl group directly attached to the central amide -NH.
Experimental Section
All calculations were carried out on a linux enterprise operating system using molecular modeling software package SYBYL v 7.2. 16 All compounds were constructed by the Sketch module in SYBYL base and assigned with Gästeiger-Hückel charges. For more flexible compounds, systematic searches were performed with an interval of 10 o on every rotatable bond to ensure their lowest energy conformations. Finally, they were minimized with Tripos force field. The most crucial step in performing 3D-QSAR is to determine the bioactive conformations of the compounds so that all compounds could be aligned together. In this study, the central amide moiety [C-NH-CO-C; bold bonds in Fig. 1 ] commonly found in imidazothiazole and oxazolopyridine derivatives was used as the substructure for structural alignment. An oxazolopyridine derivative (4) was used as a template for alignment from the alignment facility in SYBYL, and 27 training set molecules and 6 test set molecules were all aligned together.
